Geographic
Information Systems
(GIS)

Tutorial and Overview of Esri’s
ArcGlIS 10.2

Shannon Rees
Engility/GFDL



Outline
What is GIS?
How it Works
Data Types
Climate/Meteorology Uses
Geftting Started
Tutorial T: Animation

Tutorial 2: 3D Analyst



What is a GIS?

It's not just for drawing maps

YA computer system for capturing, storing,
checking, and displaying, data related to
positions on Earth's surface. GIS can show
many different kinds of data on one map. This
enables people to more easily see, analyze,
and understand patterns and relationships.”

(education.nationalgeographic.com)



What is a GIS?

* First developed in 1960s by Dr. Roger
Tomlinson for the Canada Land Inventory

» Used by: city planners, emergency
managers, natural resource managers,
transportation companies, marketing,
census bureau, power companies, police
departments, USGS, U.S. Military, NWS,
Google



How it Works

Data source Data layers
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ArcGIS Interfaces

o ArcCatalog:
« Best way to move/reorganize map files and folders
« Edit metadata and preview layers

o ArcMap:
« Central application
« Create, display, and edit maps

o ArcScene:
« 3D analyst for small spatial datasets
» Better optimized for 3D analysis

o ArcGlobe:

« newer 3D analyst application
« 3D modeling of very large landscapes



1. Raster

« A matrix of cells or pixels organized on a grid
 Each cell has a value representing information

« Examples:
o Pictures scanned in (aerial photographs)

o Continuous data (temperature, digital elevation model
(DEM), satellite images)

o Discrete data (land use, soils data)



Rasters

« Advantages:
o Simple data structure
o Fast overlays with complex datasets
o Advanced spatial and statistical analysis

« Disadvantages:
o Spatial inaccuracies due to limits from cell dimensions
o Loss of precision from restructuring data

o High resolution data sets are high cost in disk space and
processing speed



Data Types

2. Tabular (Attribute Tables)
A database or tabular file containing information about a set
of geographic features

« each row represents a feature and each column represents
one feature attribute

« Attribute values can be used to find, query, and symbolize
features or raster cells

| General [ Source | Display [ Fields | Definition Query | NetCDF | Joins & Relates | Time | temp”

Definition Query:

Get Unique Values | Go To:

SELECT * FROM 20140901_View WHERE:

Clear Verify ‘ Save ]
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(www.lib.uwo.ca)

« Good for representing non-continuous data
o rivers, political boundaries, roads, mountain peaks

» Features are represented as:
o Poinfts
o Lines/routes
o Polygons/regions
o friangulated irregular networks (TINs)



Vectors

« Advantages:
o Topology can be completely described
o Accurately represent true shape and size
o Makes nice maps while conserving disk space

« Disadvantages:
o Complex data structures
o Simulation is difficult
o Expensive to display and plot with high quality color



Data Types

4. TINs (vector)

o Digital means to
represent surface
morphology

o Constructed by
triangulating a set of irregular vertices |

o Higher resolution where surface is varia L [SW-scisoftwareieay

o Maintains precision of input data while modeling
values between known points

o More expensive than DEMs

o Allow calculations of planimetric areq, surface areaq,
and volume
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ArcGIS

Advantages

GUI makes many tools
accessible

3D animation capabilities

Analysis results can be
understood by non-expert
viewers

May find patterns and trends
in results that would not
otherwise be visible

Easier to spot errors and
anomalies

Standardized spatial data
format makes sharing easier

Disadvantages

Only works on Windows
Limited licenses — expensive
software

With large datasets, some
metadata may be bad
Results may appear more
reliable than they are

GIS may run slow when using
very large datasets

Tools for tfrue 3D analysis noft
available in basic toolbox



Climate/Meteorology Uses of GIS

AWIPS

NWS River Forecast Centers

Satellite/Remote Sensing

Plot rawinsonde tracks

Tracking land use/land-cover on global basis



GIS and Climate Change

https://gisclimatechange.ucar.edu




Climate/Meteorology Uses of GIS

Suscepitibility of Delaware to Damage from
Hurricanes and Tropical Storms

Legend
South Susceptibility

Value

o High : 10882.1
B Low : 735.555
North Susceptibility
Value

s High : 33645.1

B Low:-97.7369

Census Tract Boundaries
I:l Ocean




Used SQL and sorting by attribute of
population per square miin 2010
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Elevation Raster- reclassified to show dark
areas that are below 10m above sea level
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Line density fool on storm tracks to show the
spaftial patterns of where storms have

occurred in the past
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Buffer tool on

river and coast

layer. 1T mi

radius on coast
and 0.5 mi

radius on rivers







« All Layers Added Together-red has greatest
value, blue had lowest, beige is neutral

» Used the zonal staftistics tool to find average
of all raster cells within each census fract




Suscepitibility of Delaware to Damage from
Hurricanes and Tropical Storms

Legend

South Susceptibility

Value
- High : 10882.1

B Low : 735.555

North Susceptibility
Value
wor High : 33645.1

— Low : -97.7369

[ ] census Tract Boundaries

|:| Ocean

N
W- E
0 6,50013,000 26,000 39,000 52,000
! [ = mm e— L CES

Geographic Analyst/Cartographer: Shannon McElhinney



Connect to Workstation

Getting Started

Go to workstation (157 on left) in the Mac Lab (Rm 316)
Switch to Windows, turn on machine, log in or use CAC
Find ArcMap 10.2 under All Programs, ArcGlIS

Open filezilla

o Host: [name of desktop].gfdl.noaa.gov
o Username: 3 letter username

o Password: NEMS password

o Port: 21 for ftp, 22 for sftp

Quickconnect

v | Remote site:

Local Disk
Local Disk

Not connected to any server

Size Priority  Status

Queued files | Failed transfers
[

| Successful transfers |

|[Reconnects to the last used server

EH Queue: empty oo

Help: wiki.gfdl.noaa.gov/index.php/Filezilla_Tutorial



How it Works

Standard toolbar Main menu toolbar
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= L3 C\Users\s4m\Documer, £ C:\Users\s4m
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£ D:\sdm
& Toolboxes
= [ Database Servers
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Importing Data

 Add data from file, basemap or data from ArcGIS
Online

Q tq_anim_land - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows _ Help

Deda +oix o ~(®) 2 BAEPO =,
QAN e» - TUTR 107 H= MR [ERE

« Use tools to convert data to raster or feature layer:
o Make NetCDF Raster Layer
o Make NetCDF Feature Layer
o Make NetCDF Table View



Make NetCDF Raster Layer Tool

Search O x
«s @2

& v [Local Search ~|

ALL  Maps Data Tools Images
Inetcdf Q)

Any Extent v

Search returned 8 items v ort Bv v
# Table to NetCDF (Multidimension) (Tool)
Converts a table to a netCDF file.
toolboxes\system toolboxes\multidimension tools.tbx\table to netcdf

. Input netCDF File Variable
# Raster to NetCDF (Multidimension) (Tool) -
Converts a raster dataset to a netCDF file. C:\Users\s4m\Desktop\GIS Seminar\atmos. 20140901.nc
toolboxes\system toolboxes\multidimension tools.tbx\raster to netcdf Variable The variable of the netCDF file used to
#, Feature to NetCDF (Multidimension) (Tool) sip assign cell val_ues to the QUtPUt faSterv
Converts a point feature class to a netCDF file. This is the variable that will be displayed,
toolboxes\system toolboxes\multidimension tools.tbx\feature to netcdf X Dimension

such as temperature or rainfall.
~ . : lon
"y Make NetCDF Feature Layer (Multidimension) (Tool)

Makes a feature layer from a netCDF file. Y Dimension
toolboxes\system toolboxes\multidimension tools.tbx\make netcdf feat lat

“\ Make NetCDF Raster Layer (Multidimension) (Tool) Output Raster Layer
Makes a raster layer from a netCDF file.
toolboxes\system toolboxes\multidimension tools.tbx\make netcdf rast

slp_Layer
Band Dimension (optional)

‘\ Make NetCDF Table View (Multidimension) (Tool)
Makes a table view from a netCDF file.
toolboxes\system toolboxes\multidimension tools.tbx\make netcdf tabl Dimension Values (optional)

#, Select by Dimension (Multidimension) (Tool)
Updates the netCDF layer display or netCDF table view based on the d
toolboxes\system toolboxes\multidimension tools.tbx\select by dimensig

Dimension
1

b
1

-

][Environmenis...][ << Hide Help ]




Output Raster Layer “slp_Layer”

tg_anim_land - ArcMap

IE'@ x4

File Edit View Bookmarks

OpEa

=

Insert Selection Geoprocessing Customize Windows Help
B x| 9 | b 1233087177

qPAl=1- 1o La ke
QEE @« -0 x @7 E ML TR
OIS o )| BE | S =0 'Déﬁ'g
Table Of Contents R x
| ?::IEI@ @ L:ﬂ
= 3 C\Users\sém\Deskto » —
= [0 temp_Layerl - ‘
= slp_Layer . . | 4
Value -
™ High :1030.24
Low:960.956 —
= O temp_Layer -
Value h b
™ High : 308.972 :
Low:233.914
B3 20140901_View
<« | .m » [@e| = n « m »

-85.664 -57.958 Decimal Degrees




Changing Order of Layers

The order of layers listed in table of contents determine the
order in which they are drawn (bottom to top)

Feature layers will always be put above raster layers
List by drawing order, then click and drag

rtq_anim_land - ArcMap E " S = = |

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

DEES LEHB x| 9 | b | 1235728392 MEAl=1- 151
QQE@I e K- -T KO 7EIZNHTIRY

hle Of Contents 1 x _a
%9 S8 & -
< E

= =/ New Data Frame
=] slp_Layer
Value
7 High:1030.24
-
Low : 960.956

=] land_mask_Layer

Value
l High:1

Low:0

O temp_Layer

12.289 -95.915 Decimal Degrees



Layer Properties

General | Source | Extent [ Display | Symbology | NetCDF | Time |

Layer Name: tq_Layer [ visible

Description: tq_Layer

Credits:

Scale Range

You can specify the range of scales at which this layer will be shown:

@ Show layer at all scales

(7) Don't show layer when zoomed:

Out beyond: '<None> vl (minimum scale)

In beyond: |<None> + | (maximum scale)




Layer Properties

General | Source | Extent | Display | Symbology | NetCDF | Time |

Property Value

=] Raster Information
Columns and Rows 1440, 720
Number of Bands 1
Cell Size (X, Y) 0.25,0.25
Uncompressed Size 3.96 MB
Format NetCDF
Source Type Generic
Pixel Type floating point
Pixel Depth 32Bit

Data Source

Data Type: File System Raster
Folder: C:\Users\s4m\Documents\GIS data\atmos.20140905_sos_hourly.nc
Raster: tq_Layer

Set Data Source...




Layer Properties

General | Source | Extent | Display | Symbology | NetCDF | Time |

You can specify the geographic extent of this layer's data source that will be represented
by this layer

Set the extent to: [the current setting of this layer

Visible Extent
Top: 90.000000000010

Left: -2.775557561562
Bottom: -89.99999959998'

Full Extent
@) of this layer () of the data frame

: 90.000000000010
-2.775557561562 Right: 360
1 -89.99999999998"




Layer Properties

| General | Source | Extent | Display | Symbology | NetCDF | Time |

["] Show MapTips

[| Display raster resolution in table of contents

[] Allow interactive display for Effects toolbar

Resample during display using:

| Nearest Neighbor (for discrete data) v

Orthorectification

Contrast: - ) ) ) )
|| Orthorectification using elevation

Brightness: @ Constant elevation:

Transparency: DEM [# land_mask_Layer

Elevation adjustment

Z factor:

Display Quality
Coarse Medium
Z offset:

Geoid:




-
Layer Properties

Layer Properties

| General | Source | Extent | Display | Symbology | NetCDF | Time |

Show:
tretch values along a color ram -
Unigue Values F et d @
Classified
Stretched =
Discrete Color
Color Value Label
» 84.2352  High:84.7612
. 0.0540867  Low : 0.0434649 -
coerRone: SN o -
Display Background Value: ‘ 0 ‘ L
Use hillshade effect Z: ’ 1 ‘ Display NoData as
Stretch
Type: [Standard Deviations V] | Histograms ‘
n 2.5 Invert
About symbology Apply Gamma Stretch: ’ 1 ‘ -




Layer Properties

| General | Source | Extent | Display | Symbology | NetCDF | Time |

Variable: [tq

X Dimension: [grid_xt

Y Dimension: [grid _yt

Band Dimension: [

Dimension Values:

Dimension
9/5/2014 9:00:00 AM




Layer Properties

| General | Source | Bxtent | Display | Symbology | NetCDF | Time |

Enable time on this layer
Time properties

Layer Time: [Layer has time as a dimension.

Time dimension: time

Field Format: [<Datse/ Time >

Time Step Interval: 6.00 [Hours

Layer Time Extent: To:

Data chanages frequently so calculate time extent automatically.

Advanced settings

Time Zone: [(UT C) Coordinated Universal Time
Values are adjusted for daylight savings

Time Offset: 0.00 [Years v

| Display data cumulatively




ArcToolbox

Q tq_anim_land - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows
DRES AR x| (S| M| E4 =
RAQNQIEEI«» - NO TN R

Look through the toolbox by section

or search specific tools (750+) ArcToolbox

@l ArcToolbox

"X [Search 2 x lﬁ &9 3D Analyst Tools
€ % [f@ 2|+ Local Search - 8 &9 Analysis Tools
ALL  Maps Dats Tools Images = & Cartography Tools
[netcdf @) & Conversion Tools
A
Any Extenty &) Data Interoperability Tools
Search returned 8 items v SortBy v ° Data Management Too's
4 Table to NetCDF (Multidimension) (Tool) e
N Converts a table to a netCDF file. ° Ed'tlng Tools
toolboxes\system toolboxes\multidimensi... ° Geocoding Tools
‘\ Raster to NetCDF (Multidimension) (To... e
Converts a raster dataset to a netCDF file. |= ° Geostatistical AnaIySt Tools
toolboxes\system toolboxes\multidimensi... ° Linear Referencing Tools
# Feature to NetCDF (Multidimension) (T... ° Multidimension Tools
Converts a point feature class to a netCD...
toolboxes\system toolboxes\multidimensi... ° Network Analys‘t Tools
# Make NetCDF Feature Layer (Multidim... ° Parcel Fabric Tools
Makes a feature layer from a netCDF file. )
toolboxes\system toolboxes\multidimensi... ° Schematics Tools
#_ Make NetCDF Raster Layer (Multidime... Server Tools
N
Makes a raster layer from a netCDF file. T .
toolboxes\system toolboxes\multidimensi... ° Spatlal AnaIYSt Tools
#_, Make NetCDF Table View (Multidimens... ° Spatial Statistics Tools
_ Makes a table view from a netCDF file. .
- toolboxes\system toolboxes\multidimensi... ° TraCkmg AnaIYSt Tools

{ 1 -




Custom Tools

« Script tools: Python, IDE (Infegrated
Development Environment)

Layers

Tool Name:
Source Name: CalculateAreas.py
Version: ArcGIS 9.0

# Calculate Areas
#
#
# Author: Lauren Scott, LSCott@esri.com
#
#
#
#

- @ Linear Referencing Tools

- &P Spatial Analyst Tools
£ @ Spatial Statistics Tooks
£1-&p Analyzing Patterns
B Average Nearest Neighbor
3 HighiLow Clustering (Getis-Ord General G)
-3 Spatial Autocorrelation (Morans T)
=& Mapping Clusters

@ Cluster and Outhier Analysis (Anselin Local Morans 1) from win3Zcom.client import constants, Dispatch

3= Cluster/Outher Analysis with Rendering from types import *
... 3 Hot Spot Analysis (Getis-Ord Gi*) import pythoncom, sys, os
@ Hot Spot Analysis with Rendering
EI--Q Measuring Geographic Distributions # HelperFunctions.py contains functions and custom classed used by all
& Central Feature # the Stat tools and utilities.

B oi | Distrib d D | Ellipse) from HelperFunctions import *
@ Linear Directional Mean #
3 Mean Center
----- B Standard Distance
=&y Utiltes
8
@ Collect Events
= Collect Events with Rendering

try:
-3 Count Rendering ry
-3 Export Feature Attribute to Ascii sInputFC = sys.argv([1] # Input Feature Class

.- @ 2 Score Rendering . sOutputFC = sys.argv(z] # Output Feature Class

This script will add or overwrite a field to the input
feature class and populate that field with feature areas.

#
#Imports
#

—if _nawe__ == " wmain_ ":

#Get input feature class




Custom Tools

Q tq_anim_land - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
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Model tools: ModelBuilder — visual programming

Model Edt View Window Help
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[ ArcGIS 10.2 Help

etting Help

Q tg_anim_land - ArcMap

N

File Edit View Bookmarks Insert Selection

D2E@& LGB x |2 (b

Geoprocessing  Customize Windows { Help
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Home Options Resource Center

(_Zorﬁentsl Favortes Search I

Type a question, then click Ask.

|
Powered by AnswerWorks® Q ’askl

Histol

100 topics found
[ [Click to view
Using the table of contents  [1111

Essential Arciap mm
vocabulary

A quick tour of ArcMap [111]]
Tvpes of 3D layers un

Managing schematic layer m
properties in Arclap

GELLS

Managing geostatistical m
layers

A quick tour of map lavers ]l
Understanding the laver m
draw order in 3D

Changing a layer's drawing m
order

Enabling dynamic layers on
a map service in Manager
I More...

Welcome to the ArcGIS Help Library

ArcGIS 10.2

Locate topic

Welcome to the help library for the ArcGIS system for GIS
practitioners, developers and administrators. This help system
focuses primarily on using ArcGIS on the desktop and server
environments and how GIS professionals can extend this onto online,
web, and mobile devices.

If you're new to ArcGIS, you can start learning about the system
now by reading the topics in Getting Started.

The ArcGIS Resource Center

The ArcGIS Resource Center is an essential aspect for using the
complete ArcGIS system. It provides access to key user
communities, online Help libraries, videos, blogs, forums, samples,
support information, templates to help you apply ArcGIS, and
much more. You can get connected with other users and begin
to find useful and up-to-date information at the Resource Center.

Learning to use ArcGIS Online

You can begin using ArcGIS Online by working through a series of
exercises. These will provide an overview for how virtually
anyone can use online maps and related information to apply GIS.
Plus, you'll read about how ArcGIS users can publish and share
their rich content using these online maps.

Learning to use ArcGIS for Desktop

<

HrAl=1- =) - alEse
oY o)l

« ArcGlS Desktop Help

« ArcGlIS Resource Center

o Library has many free
tutorials

e GeoNet Forum — Q&A
« Whatifit crashes?e



Case 1: Time Slider

Q tq_anim_land - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

DBESILHB X0 (b

Animations

QAQMOIIEHEI €S E-0IN @ E

arP=lEl L=
*Hﬁ%@@h

o Time Slider —simply visualize a temporal dataset
o Time Animation - add other animated effects while visualizing

your temporal data

Only first time step will be
shown in map view
Must enable time for the
layer

[ Layer Properties *7 oe -a |7
[ General | Source | Extent | Display | Symbology | NetCOF | Time |
Enable time on this layer
Time properties
Layer Time: [Layer has time as a dimension. v]
Time dimension: time v
Field Format: [<Da|E/ Time > v ]
Time Step Interval: 6.00 Hours 7
Layer Time Extent: To:
Data changes frequently so calculate time extent automatically.
Advanced settings
Time Zone: [(UT C) Coordinated Universal Time v]
Values are adjusted for daylight savings
Time Offset: 0.00 Years N
[V] Display data cumulatively
[ ok J[ camcel J[ ‘oot |




Time Slider Toolbar

. Export to Current time Next time Decrease time Increase
Options
video of the map stamp extent time extent
Enable/Disable '
time on map | [Fimektider Full time
rETE= 4 January 08, 2005 \ =44 B
[——.@ | (] | Play/Pause I
T January 01, 2005 January 15, 2005
stamp I T Live Mode
Scroll back Start time of End time Scroll forward
in time the slider of the slider in time




X

ra/iE]E=4] 09/05/14 09:00 PM to 09/05/14 10:00 PM

| 0

03/05/1401:00 AM

narks Insert Selection Geoprocessing Customize Windows Help
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lable Of Contents ax Catalog

, Time: 09/05/14 09:00 PM to 09/05/14 10:00 PM

%3¢ 8= me ° el a@
B =4 Layers Location: Home - S4m

= L3 C\Users\sém\Documer.
land_mask_Layer
= L3 C\Users\sém\Documer.
tq_Layer

[ Home - 4m
= E3 Folder Connections
£ C:\Users\s4m
£ D:\Documents
£ D\sdm
@] Toolboxes
= [ Database Servers
#5| Add Database Serve
3l Database Connections
L# Add Database Conr
@ GIS Servers
My Hosted Services
Ready-To-Use Services
3 Interoperability Connec
£& Tracking Connections

o
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Total Precipitable Water Path

Time: 09/05/14 01:00 AM to 09/05/14 02:00 AM




Case 2: 3D Analyst
ArcScene

File Edit View Bookmarks Selection Geoprocessing Customize Windows Help
NBEs Lag x> ¢ EEERNN M @~¢aeQAQANQIH- O/ @E K0S
& temp_Layerl ~|P 1}‘,«’.‘ : 3DEditor~ | %y » | > z [0.000 | IS5 e o~ s -] & temp_Layerl Rl YRR %i : Graphics~| K | o A7 7] A
R. # X Table of Contents *x &
®{[]3 & g
® E £7 Scene layers §
=R O temp_Layerl —
O temp_Layerd ?
[0 temp_Layerd_FeatureTo3DByAtt =
@ 5
Value T
™ High:92.7961
Low : 0.0640862
<«
0 features selected




ArcScene

| General | Source | Extent | Display | Symbology | NetCDF | Base Heights | Time | Rendering |

Elevation from surfaces
() No elevation values from a surface

@ Floating on a custom surface:

| C: \Users\s4m\Downloads\atmos. 20 14090 1.nc\temp_Layer 1

| Raster Resolution... |

Elevation from features
@) No feature-based heights

Use elevation values in the layer's features

Factor to convert layer elevation values to scene units:

Use a constant value or expression:

0

Layer offset
Add a constant elevation offset in scene units:

About setting base heights
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ArcGlobe
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Sea Ice Area Fraction

Created by Young Cho

L-HIRAM-C360
mip rlilpl
200401-200812.nc

Arctic  01/16/2004 = Antarctic




True 3D Analysis

bmats acon Gy Cotnee vk 10
LBBX 00 S DEEER0 g w0 800/8 68 o 3y
Q% B E X0/ DAL WS BE

http://grass.osgeo.org

http://www.arcdata.cz



GRASS Free GIS

« See GIS Resources page on GFDL Wiki
« Supports 3D raster voxel volumes:

©)

O
O
O

3D import/export
3D map algrebra

3D volumes interpolation
3D and 4D visualization
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1 @ T The world's leading open source GIS
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Summary

The ability to display layered data in the spatial
dimension makes GIS special

Interpolating everything to a common grid is an
extremely useful way 1o intfegrate data

Makes science communication easier and provides
good way to link spatial and non-spaftial data

Easy to use and share spatial data

The multidimensional nature of atmospheric data
remains a challenge across spatial and temporal
scales
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